To become a world-class competitive alpine skier, intensive physical conditioning and large amounts of on-snow training are required.^[@bibr14-2325967120922554]^ Besides an accumulation of heavy mechanical loads over time, these training regimes expose athletes to unfavorable loading patterns, such as a combined occurrence of frontal bending, lateral bending, and torsion in the loaded trunk, with high vibration loads acting on the spine while skiing.^[@bibr34-2325967120922554],[@bibr35-2325967120922554]^ Since such loading conditions are known to be related to high spinal disc loading, they have been suggested to be characteristic components of mechanisms leading to overuse injuries of the back in alpine ski racing.^[@bibr36-2325967120922554]^ Indeed, the back has been reported to be the most frequently affected body part for overuse injuries among youth and elite competitive alpine skiers.^[@bibr4-2325967120922554],[@bibr19-2325967120922554]^

In contrast to traumatic injuries, overuse injuries are characterized by gradual onset, recurrent symptoms, progression over time, and lack of an identifiable inciting event.^[@bibr12-2325967120922554]^ Overuse injuries often develop undetected in the early stages. If not recognized at this time, they may increase in severity and consequently lead to an absence from training and competition in the follow-up. In an attempt to resolve this issue, a novel prospective injury registration method, called the Oslo Trauma Research Centre (OSTRC) questionnaire on health problems, was recently introduced and validated.^[@bibr9-2325967120922554]^ However, this registration method is based on the presence of clinical symptoms or restrictions to sports participation, 2 signs often absent in the early stages of overuse injuries.

The accumulation of unphysiological loads, the development of structural abnormalities, and the presence of symptoms may occur at different points in time, making early recognition and adequate prevention challenging. Accordingly, in recent years, complementary information obtained by wearable sensors (load monitoring)^[@bibr13-2325967120922554],[@bibr34-2325967120922554]^ or musculoskeletal imaging (early recognition of back overuse--related structural abnormalities)^[@bibr24-2325967120922554],[@bibr38-2325967120922554],[@bibr42-2325967120922554]^ has gained in importance. With respect to the latter, the current gold standard is magnetic resonance imaging (MRI). It offers a sensitive and noninvasive way to identify early subclinical stages of spinal degeneration.^[@bibr24-2325967120922554]^

Spinal abnormalities and back pain are known to increase with age^[@bibr2-2325967120922554],[@bibr3-2325967120922554]^ and to be associated with atrophic changes in the multifidus muscles as a concomitant condition.^[@bibr15-2325967120922554],[@bibr22-2325967120922554],[@bibr37-2325967120922554]^ Previous studies have highlighted the presence of higher rates of radiographic- and MRI-detected spinal abnormalities in 16- to 20-year-old alpine and mogul skiers than in age-matched controls,^[@bibr38-2325967120922554],[@bibr39-2325967120922554],[@bibr42-2325967120922554]^ with a documented greater risk of developing back pain later during the career.^[@bibr20-2325967120922554],[@bibr21-2325967120922554],[@bibr28-2325967120922554]^ However, little is known on the overuse-related structural abnormalities in the spine and multifidus muscles of youth athletes (\<16 years old)^[@bibr24-2325967120922554],[@bibr32-2325967120922554]^ and youth competitive alpine skiers in particular.^[@bibr29-2325967120922554]^ Such information is essential for the development of effective prevention strategies.

Accordingly, the aims of the present study were (1) to describe the prevalence of overuse-related MRI findings in the lumbar spine of youth competitive alpine skiers of the under-16-years (U16) category with respect to sex- and sex-specific differences in height growth, (2) to assess the associations between MRI findings and biological maturation-dependent multifidus size, (3) to investigate the relationship of MRI findings with age, and (4) to compare the MRI findings of asymptomatic and symptomatic athletes and to explore their clinical relevance.

Methods {#section1-2325967120922554}
=======

Participants and Study Design {#section2-2325967120922554}
-----------------------------

A total of 108 youth competitive alpine skiers aged 13 to 15 years volunteered for this cross-sectional MRI study. Voluntary study participation was promoted within Swiss-Ski and related regional ski federations by official invitation letters/advertisements and a series of local information events directed to all interested athletes and parents. Participants were included if they were part of a certificated regional performance center of Swiss-Ski, which unites the approximately 220 best skiers of that age group in Switzerland. This is typically associated with competitive sports participation of 8 to 10 years and a training load of 5 to 9 units per week within the past 3 years. In the 12 months directly preceding the MRI examinations, our cohort was exposed to 8.46 ± 1.52 (mean ± SD) sport-specific training units of at least 30 minutes per week. There were no study dropouts. None of the interested participants met the exclusion criteria of former traumatic spine injuries or surgery or systemic pathologies such as inflammatory arthritis or diabetes mellitus. All athletes or their legal representatives completed an MRI safety questionnaire and signed an informed consent form. This study was approved by an institutional review board and the local ethics committee.

MRI Examination {#section3-2325967120922554}
---------------

All participants underwent an MRI examination of the lumbar spine from T10 to S1. For that purpose, a 3-T Magnetom Prisma MRI scanner (Siemens Healthcare) with a dedicated spine coil (32-channel receiver) was used. The scan protocol included an axial T2-weighted turbo spin echo sequence (repetition time \[TR\], 5430 ms; echo time \[TE\], 96 ms; slice thickness, 4 mm; field of view \[FOV\], 320 mm × 20 mm; matrix, 384 × 384), a sagittal T2-weighted turbo spin echo sequence in Dixon technique (TR, 3500 ms; TE, 86 ms; slice thickness, 4 mm; FOV, 220 mm × 220 mm; matrix, 384 × 384), and an axial 3D T1-weighted gradient echo sequence (volumetric interpolated breath-hold examination \[VIBE\]) of the whole body (TR, 3.23 ms; TE, 1.23 ms; flip angle, 15°; FOV, 450 mm × 338 mm × 288 mm; matrix, 264 × 352 × 96). All examinations were conducted by a radiographer. A sample image is illustrated in [Figure 1](#fig1-2325967120922554){ref-type="fig"}.

![Left: sagittal T2-weighted Dixon magnetic resonance image (MRI) of an athlete presenting multiple Schmorl nodes (green arrows) and disc dehydration at the L2-S1 levels, as well as end plate changes (yellow arrows) at the superior and inferior end plate of L5. Right: axial T2-weighted MRI of an athlete presenting left-sided spondylolysis (red circle) at the L5 level.](10.1177_2325967120922554-fig1){#fig1-2325967120922554}

Anthropometric Assessments and Biological Maturation {#section4-2325967120922554}
----------------------------------------------------

In addition to the MRI examinations, data on the athletes' anthropometrics were collected. Biological maturation was described as the age at peak height velocity (APHV) and the maturity offset, determined according to the noninvasive estimation method of Mirwald et al.^[@bibr27-2325967120922554]^ This method includes the athlete's chronological age and the anthropometric factors of body height, sitting height, and subischial leg length into a sex-specific formula for determining the maturity offset (ie, the estimated time before or after reaching APHV). Body mass index (kg/m^2^) was calculated, and, where available from previous assessments, Δheight was computed as the absolute growth in centimeters in the past 12 months. In 2 missing cases, the last body height assessment was performed 18 months before the MRI examinations. Therefore, a linear interpolation was used for approximation.

Classification of Asymptomatic Versus Symptomatic Skiers {#section5-2325967120922554}
--------------------------------------------------------

Over a span of 12 months preceding the MRI examinations, all athletes were prospectively assessed by use of the OSTRC questionnaire on health problems. This questionnaire was demonstrated to be a sensitive and valid methodology to document the pattern of traumatic injuries, overuse injuries, and illnesses in a large heterogeneous group of athletes in a previous study.^[@bibr9-2325967120922554]^ Every second week, the participating athletes received an email with a personalized link to a online questionnaire implemented by REDCap (powered by Vanderbilt University). Participants who failed to respond within 2 days were automatically reminded by email. After 3 days without any response, a manual text message was sent daily to the athletes and their parents. The deadline of submitting any valid response was defined as 7 days after the initial email contact. To verify the correctness and completeness of all OSTRC questionnaire--based data entries recorded, at the end of the prospective observation period, personal retrospective interviews and physical examinations were performed by a sports physician (S.F.). Special focus was laid on (1) the correct differentiation of overuse complaints from traumatic back injuries, (2) the precise injury localization, and (3) the suitable allocation of a subsequent event being a new injury. Prospective OSTRC questionnaire entries were amended only in the rare cases for which there were, based on the supplemental interviews, clear indications for accidentally incorrect or incomplete information.

In the course of data analysis, all back overuse--related health problems were subdivided into "substantial" or "nonsubstantial" depending on their OSTRC severity score, as done previously.^[@bibr9-2325967120922554]^ Substantial problems were defined as those resulting in "moderate or severe reductions in training volume," "moderate or severe reductions in sports performance," or "complete inability to participate in sport" (ie, skiers having selected option 3, 4, or 5 in question 2 or 3 of the OSTRC questionnaire).^[@bibr9-2325967120922554]^ Finally, athletes were classified as "symptomatic" when at least 1 substantial back overuse--related health problem episode had been registered during the 12 months before the MRI examination.

MRI Interpretation {#section6-2325967120922554}
------------------

The MRI assessments and measurements were performed with Merlin PACS software (Phönix-PACS). The diagnostic analysis of the scans was performed by an experienced radiologist in musculoskeletal imaging (C.S.) who was blinded to the results of the clinical assessment. Image interpretation focused on the presence of the specific MRI findings of disc degeneration (subdivided in disc dehydration, annulus tear, protrusion, and extrusion), Schmorl node, end plate change, and anomaly of the pars interarticularis and facet joints, as well as on interspinal bursitis, as defined in [Table 1](#table1-2325967120922554){ref-type="table"}.

###### 

Definition of the Specific MRI Findings of the Lumbar Spine (T10 to S1)*^a^*

![](10.1177_2325967120922554-table1)

  MRI Finding                        Definition
  ---------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Disc dehydration                   Reduced signal intensity of intervertebral disc on T2-weighted MR image
  Disc annulus tear                  Linear hyperintense signal within the hypointense annulus fibrosus on T2-weighted MR image
  Disc protrusion                    Displacement of disc material beyond the margins of intervertebral disc space; the diameter of the hernia is widest at its base in the axial and sagittal plane
  Disc extrusion                     Displacement of disc material beyond the margins of intervertebral disc space; the diameter of the hernia is wider at its periphery than at its base in the axial or sagittal plane
  Schmorl node                       Herniation of disc material through the vertebral end plate into the adjacent vertebra
  End plate changes                  Morphologic changes of vertebral end plate (eg, edema, fatty/sclerotic changes, spondylophyte)
  Anomaly of pars interarticularis   Morphologic or signal intensity change of the pars interarticularis of the vertebral arch (eg, edema, fatty changes, spondylolysis)
  Anomaly of facet joints            Atypical configuration of facet joints, degenerative or inflammatory changes of facet joints with or without adjacent soft tissue inflammation
  Interspinal bursitis               Focal edema or accumulation of fluid between spinal processes on fat-suppressed T2-weighted MR image

*^a^*MR, magnetic resonance; MRI, magnetic resonance imaging.

Additionally, based on the axial T2-weighted MRI, an experienced rater (L.P.) determined the cross-sectional area (CSA) of the lumbar multifidus muscles using the software ImageJ (Version 1.48; National Institutes of Health). Such an approach has been demonstrated to be highly reliable.^[@bibr5-2325967120922554],[@bibr10-2325967120922554]^ First, the center of the first lumbar vertebral body was defined in the sagittal image plane, and multifidus CSA was determined in the corresponding transversal plane. Subsequently, starting from the midvertebral level, the adjacent cranial and caudal images were analyzed. For each lumbar vertebral body and both sides, the CSA of the multifidus muscles was then computed as the mean of these 3 CSA measurements. Because muscle CSA is dependent not only on the degree of muscle conditioning but also on the athlete's body dimensions in general, left and right CSAs were summed and were divided by the total CSA of the associated vertebral body, as done previously.^[@bibr8-2325967120922554],[@bibr26-2325967120922554]^ By such a procedure, a relative multifidus CSA was calculated that can be compared among athletes of different anthropometrics.^[@bibr31-2325967120922554]^ Finally, this relative CSA of the multifidus muscles was determined for each of the 5 lumbar vertebral bodies, and the L1-L5 mean of the relative multifidus CSA was computed.

Statistical Analysis {#section7-2325967120922554}
--------------------

All data were assessed for normality with the Shapiro-Wilk test, graphical techniques, and shape parameters (skewness and kurtosis coefficients).^[@bibr30-2325967120922554]^ Since the variables of age and Δheight revealed significant results at the Shapiro-Wilk test (*P* \< .05) but corresponding skewness and kurtosis values were ≤0.3 and ≤1.4 (ie, markedly below common reference boundaries of substantial departure from a normal distribution: skewness \>2 and kurtosis \>7 according to West et al^[@bibr40-2325967120922554]^), all statistical tests including age or Δheight were backed up by bias-corrected accelerated bootstrapping with 10,000 samples; in all other cases, standard parametric tests were applied. In all analyses, statistical significance was set at *P* \< .05.

First, the participants' mean baseline characteristics and multifidus size were calculated. Differences between subgroups were analyzed with unpaired sample *t* tests. Second, the prevalence of skiers with specific MRI findings was expressed as the percentage proportion of the overall group, as well as the percentage proportions within the female and male subgroups (*number of participants affected* / *total number of participants per group* × 100). Corresponding sex differences were assessed by Pearson chi-square tests. Potential associations of specific MRI findings with sex-specific differences in Δheight were analyzed by univariate binary logistic regression. Third, to investigate the associations between (1) MRI findings and the L1-L5 mean of the relative multifidus CSA and (2) between the L1-L5 mean of the relative multifidus CSA and maturity offset, univariate binary logistic and linear regression analyses were performed, respectively. Fourth, univariate binary logistic regression models were used to describe the relationship between MRI findings and participants' age. Finally, to explore the clinical relevance of specific MRI findings, their overall percentage proportion was reported, as well as that within the asymptomatic and symptomatic athletes. Corresponding group differences were tested for significance by Pearson chi-square tests. Owing to missing OSTRC data in 11 athletes of the entire cohort of 108 athletes, this clinical symptom--related analysis of the MRI findings was conducted within a subgroup of 97 athletes. All calculations were performed in Microsoft Excel and/or SPSS (v 23; IBM).

Results {#section8-2325967120922554}
=======

Participant Characteristics and Multifidus Size {#section9-2325967120922554}
-----------------------------------------------

An overview of the participants' baseline characteristics and multifidus size is given in [Table 2](#table2-2325967120922554){ref-type="table"}. Despite comparable chronological age, the group of males reached their estimated APHV significantly later than females. Accordingly, at the time of the MRI examination, males were a mean 1.62 years closer to their APHV than females, and their growth rate within the past 12 months was significantly greater. Moreover, as on average male and female athletes had already passed their APHV, males were significantly taller than females.

###### 

Baseline Characteristics and Multifidus Size^*a*^

![](10.1177_2325967120922554-table2)

                                                           Overall (N = 108)   Females (n = 42)   Males (n = 66)      *P* Value
  -------------------------------------------------------- ------------------- ------------------ ------------------- -----------
  Age, y                                                   14.83 ± 0.58        14.74 ± 0.66       14.88 ± 0.52        .245
  Maturity offset, y                                       1.27 ± 1.09         2.26 ± 0.59        0.64 ± 0.83*^b^*    \<.001
  APHV, y                                                  13.56 ± 1.05        12.48 ± 0.46       14.24 ± 0.68*^b^*   \<.001
  Body height, cm                                          166.4 ± 7.7         163.1 ± 5.9        168.5 ± 8.0*^b^*    \<.001
  Δheight, cm                                              4.95 ± 3.06         2.70 ± 2.54        6.39 ± 2.44*^b^*    \<.001
  Body weight, kg                                          56.6 ± 9.2          55.3 ± 7.5         57.4 ± 10.2         .237
  BMI, kg/m^2^                                             20.33 ± 2.34        20.78 ± 2.50       20.04 ± 2.20        .118
  L1-L5 mean of the relative multifidus CSA, cm^2^/cm^2^   1.04 ± 0.19         1.05 ± 0.17        1.02 ± 0.20         .449

*^a^*All data are expressed as mean ± SD. Level of significance based on unpaired sample *t* tests and backed up by bias-corrected accelerated bootstrapping with 10,000 samples. APHV, age at peak height velocity; BMI, body mass index; CSA, cross-sectional area; Δheight, growth in body height during the past year.

*^b^P* \< .001.

MRI Findings With Respect to Sex and Sex-Specific Differences in Height Growth {#section10-2325967120922554}
------------------------------------------------------------------------------

A total of 108 participants underwent the MRI examination. The major results are summarized in [Table 3](#table3-2325967120922554){ref-type="table"}. Of the analyzed youth athletes, 37.0% presented at least ≥1 MRI finding. The most prevalent specific MRI findings were disc degeneration (23.1%), Schmorl node (19.4%), end plate changes (10.2%), and anomalies of the pars interarticularis (10.2%). Pars interarticularis anomalies were exclusively found in males (16.7% of all male participants), while in females such anomalies were absent. Moreover, in this connection, an additional binary logistic regression analysis revealed a direct association of pars interarticularis anomalies and Δheight (*R* ^2^ Nagelkerke = 0.065; *B* = 0.204 \[95% CI, 0.011-0.459\]; SE*~B~* = 0.289; *P* = .024).

###### 

MRI Findings in the Lumbar Spine (T10 to S1) of Overall, Female, and Male Youth Competitive Alpine Skiers*^a^*

![](10.1177_2325967120922554-table3)

  MRI Finding                        Overall (N = 108)   Females (n = 42)   Males (n = 66)   Chi-square   *P* Value
  ---------------------------------- ------------------- ------------------ ---------------- ------------ -----------
  ≥1 MRI finding                     37.0                33.3               39.4             0.255        .614
  Disc degeneration                  23.1                21.4               24.2             0.088        .767
   Disc dehydration                  16.7                16.7               16.7             0.000        ≥.999
   Disc annulus tear                 5.6                 7.1                4.5              0.312        .577
   Disc protrusion                   8.3                 9.5                7.6              0.117        .732
   Disc extrusion                    3.7                 2.4                4.5              0.325        .569
  Schmorl node                       19.4                16.7               21.2             0.273        .602
  End plate changes                  10.2                7.1                12.1             0.625        .429
  Anomaly of pars interarticularis   10.2                0.0                16.7 ^*b*^       7.000        .008
  Anomaly of facet joints            2.8                 2.4                3.0              0.039        .844
  Interspinal bursitis               5.6                 9.5                3.0              1.948        .163

*^a^*Prevalence data are expressed as the percentage proportion of specific MRI findings on the overall group as well as within the subgroups (*number affected* / *number per group* × 100). Levels of significance for sex differences are based on Pearson chi-square tests. MRI, magnetic resonance imaging.

*^b^P* \< .01.

Association of MRI Findings and Biological Maturation-Dependent Multifidus Size {#section11-2325967120922554}
-------------------------------------------------------------------------------

The univariate binary logistic regression-based association of the L1-L5 mean of the relative multifidus CSA with each MRI finding is presented in [Table 4](#table4-2325967120922554){ref-type="table"}. A lower L1-L5 mean of the relative multifidus CSA was significantly associated with a higher occurrence of disc protrusion (*P* = .018) and end plate changes (*P* = .024), while for all other MRI findings no such relation was found. Moreover, in an additional linear regression analysis, a direct relationship was observed between the L1-L5 mean of the relative multifidus CSA and the athletes' maturity offset (*R* ^2^ = 0.062; *B* = 0.043; SE*~B~* = 0.016; *P* = .009).

###### 

Univariate Binary Logistic Regression Models Describing the Association Between the Predictor L1-L5 Mean of the Relative Multifidus CSA (cm^2^/cm^2^) and MRI Findings of the Lumbar Spine (T10 to S1)^*a*^

![](10.1177_2325967120922554-table4)

  Model (N = 108)                                                                                    
  ----------------- ------ ------- ------- ---------------------------------- -------------- ------- ------
  0.137             .711   0.002   0.04    ≥1 MRI finding                     --0.384        1.039   .712
  0.495             .482   0.007   0.08    Disc degeneration                  --0.866        1.234   .483
  0.206             .650   0.003   0.05     Disc dehydration                  0.634          1.400   .651
  2.480             .115   0.065   0.065    Disc annulus tear                 --3.624        2.361   .125
  5.628             .018   0.116   0.36     Disc protrusion                   --4.639*^b^*   2.061   .024
  0.000             .985   0.000   0.00     Disc extrusion                    0.051          2.747   .985
  2.253             .133   0.033   0.18    Schmorl node                       --1.987        1.341   .138
  5.113             .024   0.096   0.33    End plate changes                  --4.007*^b^*   1.848   .030
  0.004             .952   0.000   0.00    Anomaly of pars interarticularis   --0.102        1.714   .952
  0.052             .819   0.002   0.04    Anomaly of facet joints            0.724          3.179   .820
  0.252             .615   0.007   0.08    Interspinal bursitis               --1.135        2.261   .616

*^a^*CSA, cross-sectional area; MRI, magnetic resonance imaging.

*^b^P* \< .05.

Relationship of MRI Findings With Age {#section12-2325967120922554}
-------------------------------------

The results of the univariate binary logistic regression models assessing the association of age with MRI findings are illustrated in [Table 5](#table5-2325967120922554){ref-type="table"}. The occurrence of ≥1 MRI finding was found to be significantly related to an increase in age (*P* = .034).

###### 

Univariate Binary Logistic Regression Model Describing the Association Between the Predictor Increasing Age and MRI Findings of the Lumbar Spine (T10 to S1)*^a^*

![](10.1177_2325967120922554-table5)

  Model (N = 108)                                                                                                   
  ----------------- ------ ------- ------ ---------------------------------- ----------------------------- -------- ------
  4.479             .034   0.054   0.24   ≥1 MRI finding                     0.714*^c^* (0.023 to 1.590)   0.359    .037
  3.110             .078   0.043   0.21   Disc degeneration                  0.708 (--0.064 to 1.591)      0.390    .056
  0.603             .437   0.009   0.10    Disc dehydration                  0.347 (--0.457 to 1.230)      0.422    .385
  0.926             .336   0.024   0.16    Disc annulus tear                 0.715 (--0.638 to 2.966)      0.885    .188
  2.456             .117   0.052   0.23    Disc protrusion                   0.985 (--0.217 to 3.031)      0.882    .071
  0.000             .999   0.000   0.00    Disc extrusion                    0.001 (--1.779 to 1.896)      0.873    .998
  0.045             .831   0.001   0.03   Schmorl node                       --0.089 (--0.789 to 0.604)    0.363    .803
  0.077             .782   0.001   0.03   End plate change                   --0.152 (--1.287 to 0.955)    0.552    .760
  0.072             .788   0.001   0.03   Anomaly of pars interarticularis   --0.147 (--1.224 to 0.898)    0.543    .761
  0.025             .874   0.001   0.03   Anomaly of facet joints            --0.159 (--2.722 to 7.205)    11.427   .912
  0.717             .397   0.019   0.14   Interspinal bursitis               0.626 (--1.429 to 3.507)      1.015    .370

*^a^*MRI, magnetic resonance imaging.

*^b^*Data are expressed as regression coefficient *B* and the lower and upper bias-corrected accelerated bootstrapping-based 95% CIs with 10,000 samples.

*^c^P* \< .05.

Differences in MRI Findings Between Asymptomatic and Symptomatic Athletes {#section13-2325967120922554}
-------------------------------------------------------------------------

[Table 6](#table6-2325967120922554){ref-type="table"} shows the prevalence data of the MRI findings present in the subgroup of 97 asymptomatic and symptomatic athletes. Disc degeneration (particularly disc dehydration and disc protrusion) was significantly more prevalent in symptomatic versus asymptomatic athletes (*P* = .037, .010, and .024, respectively).

###### 

MRI Findings in the Lumbar Spine (T10 to S1) of Asymptomatic and Symptomatic Youth Competitive Alpine Skiers*^a^*

![](10.1177_2325967120922554-table6)

  MRI Finding                        Overall (n = 97)   Asymptomatic (n = 81)   Symptomatic (n = 16)   Chi-square   *P* Value
  ---------------------------------- ------------------ ----------------------- ---------------------- ------------ -----------
  ≥1 MRI finding                     39.2               34.6                    62.5                   2.661        .103
  Disc degeneration                  25.8               21.0                    50.0*^b^*              4.363        .037
   Disc dehydration                  18.6               13.6                    43.8*^b^*              6.554        .010
   Disc annulus tear                 6.2                4.9                     12.5                   1.235        .266
   Disc protrusion                   9.3                6.2                     25.0*^b^*              5.104        .024
   Disc extrusion                    4.1                3.7                     6.3                    0.210        .647
  Schmorl node                       20.6               17.3                    37.5                   2.648        .104
  End plate change                   11.3               8.6                     25.0                   3.153        .076
  Anomaly of pars interarticularis   10.3               11.1                    6.3                    0.306        .580
  Anomaly of facet joints            3.1                3.7                     0.0                    0.593        .441
  Interspinal bursitis               6.2                6.2                     6.3                    0.000        .991

*^a^*Prevalence data are expressed as the percentage proportion of specific MRI findings on the overall group as well as within the subgroups (*number affected* / *number per group* × 100). Clinical symptoms--related analysis of the MRI findings was conducted with a subgroup of 97 athletes. Level of significance for sex differences was based on Pearson chi-square tests. MRI, magnetic resonance imaging.

*^b^P* \< .05.

Discussion {#section14-2325967120922554}
==========

The major findings of the study were as follows: (1) 37.0% of all analyzed and 62.5% of all symptomatic youth competitive alpine skiers presented at least 1 abnormal MRI finding of the lumbar spine. The most prevalent findings in our study population were disc degenerations, Schmorl nodes, end plate changes, and pars interarticularis anomalies. Anomalies of the pars interarticularis occurred only in males, with all other findings equally distributed between the sexes. (2) Smaller relative lumbar multifidus CSA was related to a higher prevalence of disc protrusions or end plate changes. (3) Overall, the presence of abnormal MRI findings in the lumbar spine increased with age. (4) Disc degenerations---in particular, disc dehydrations and disc protrusions---were significantly more prevalent in symptomatic than asymptomatic athletes.

MRI Findings in the Lumbar Spine of Youth Competitive Alpine Skiers and Sex-Specific Differences in Height Growth {#section15-2325967120922554}
-----------------------------------------------------------------------------------------------------------------

In the present study, the prevalence of having at least 1 MRI finding in the lumbar spine was as high as 37% (see [Table 3](#table3-2325967120922554){ref-type="table"}). On first view, this appears to be markedly lower than previously reported rates for other competitive sports^[@bibr17-2325967120922554],[@bibr25-2325967120922554]^; however, given the substantially younger age of the current cohort of youth competitive alpine skiers (14.83 ± 0.58 years) as compared with elite athletes investigated in the aforementioned studies, this prevalence magnitude must be seen from a different perspective. The same must be considered when comparing the MRI findings of the current study with those observed for alpine and mogul skiers in earlier studies (eg, \>80% were reported to show degenerative disc changes): the analyzed athletes were on average 3 years older.^[@bibr38-2325967120922554],[@bibr42-2325967120922554]^ Thus, on second view, one could argue that despite their very young age, youth competitive alpine skiers already demonstrate high rates of overuse-related structural abnormalities in the lumbar spine. Moreover, although a direct comparison is difficult, the magnitudes of the mean prevalence for specific MRI findings in youth competitive alpine skiers were clearly above those previously reported for nonathletic children of comparable age.^[@bibr23-2325967120922554]^ A similar tendency was demonstrated in recent studies directly comparing the abnormal MRI findings of 16- to 20-year-old skiers with age-matched controls.^[@bibr38-2325967120922554],[@bibr39-2325967120922554],[@bibr42-2325967120922554]^

The 3 most prevalent findings in our cohort of youth competitive alpine skiers were disc degenerations, Schmorl nodes, and end plate changes. This is in line with the results of published competitive alpine skiing--related studies^[@bibr29-2325967120922554],[@bibr42-2325967120922554]^ and might be attributable to the typical loading patterns of the spine while skiing, including a combined occurrence of frontal bending, lateral bending and torsion in the trunk, high ground-reaction forces, and excessive exposure to low-frequency whole-body vibrations (∼4-10 Hz).^[@bibr34-2325967120922554],[@bibr35-2325967120922554]^

Interestingly, there was a direct association between the occurrence of pars interarticularis anomalies and an increase in Δheight. This may lead to the entirely plausible presumption that during phases of accelerated growth, bony structures are more prone to overuse-related structural changes. In a similar context, muscular imbalances after accelerated growth have been reported to predispose young athletes to overuse physeal injuries.^[@bibr1-2325967120922554]^ Moreover, such a line of argumentation is supported by our finding of anomalies of the pars interarticularis being observed only in male athletes (see [Table 3](#table3-2325967120922554){ref-type="table"}). Despite comparable chronological age, the group of males was on average 1.62 years closer to their APHV and consequently exposed to a 2-times-higher growth rate within the past 12 months than the group of females (see [Table 2](#table2-2325967120922554){ref-type="table"}). A previous study in the general nonathletic public also reported adult males to have a 2-times-higher occurrence of spondylolysis: a finding that may open an, at least partially, other line of argumentation.^[@bibr6-2325967120922554]^

Important Role of the Multifidus Muscle Size and Its Dependency on Biological Maturation {#section16-2325967120922554}
----------------------------------------------------------------------------------------

The multifidus muscles, belonging to the paraspinal back muscles, are an important contributor to the stabilization of the lumbar spine.^[@bibr11-2325967120922554]^ Because competitive alpine skiing is a sport with unfavorable spinal loading patterns, including high axial loads in excessively forward-bent postures,^[@bibr34-2325967120922554],[@bibr35-2325967120922554]^ their stabilizing function is essential for preventing back overuse injuries.^[@bibr18-2325967120922554]^ In such forward-bent postures, it is plausible that spinal torques may be higher than in the upright stance, as the occurring ground-reaction forces are acting with a longer lever arm.^[@bibr16-2325967120922554]^ Moreover, as a direct result of the very short lever arms of the paraspinal muscles, the forces required to stabilize the trunk in such postures must be relatively high,^[@bibr16-2325967120922554]^ implying a logical link to multifidus size.

In fact, in this study, a lower L1-L5 mean of the relative multifidus CSA was significantly associated with a higher occurrence of disc protrusion and end plate changes ([Table 4](#table4-2325967120922554){ref-type="table"}). Disc protrusions and end plate changes might be attributable to excessive loading of the immature spine in an extensively forward-bent posture, as is typical for competitive alpine skiing.^[@bibr33-2325967120922554],[@bibr35-2325967120922554]^ In previous studies, frontal bending in the spine was demonstrated to result in higher spinal disc loading^[@bibr41-2325967120922554]^ and was suggested to be responsible for a significantly higher rate of anterior end plate lesions in elite alpine skiers than in controls.^[@bibr29-2325967120922554]^

Another interesting finding of the current study is the direct linear relationship between the L1-L5 mean of the relative multifidus CSA and skiers' maturity offset, indicating that skiers closer to their APHV have less developed paraspinal muscles. As it is thoroughly plausible that undersized multifidus muscles may have limited capability to stabilize the spine under adverse loading conditions, this study highlights the importance of focusing prevention efforts on the vulnerable phases of rapid musculoskeletal growth during athletes' puberty.

MRI Findings Increase With Age {#section17-2325967120922554}
------------------------------

With regard to increasing age, our results support the widespread stakeholder belief that degenerative processes of the spine may arise from the growth spurt on. In the analyzed cohort of competitive alpine skiers of the U16 category, chronological age was found to be decisive for the frequency at which structural abnormalities in the spine occur ([Table 5](#table5-2325967120922554){ref-type="table"}). This is convincing, as the nature of back overuse injuries implies an accumulation of adverse spinal loading and a reinforcement of MRI findings over time. The latter has been particularly well documented by previous studies.^[@bibr2-2325967120922554],[@bibr3-2325967120922554]^

More MRI Findings---More Pain? {#section18-2325967120922554}
------------------------------

In the current study, lumbar disc degenerations were significantly more prevalent in symptomatic than asymptomatic skiers ([Table 6](#table6-2325967120922554){ref-type="table"}). This is in line with previous findings in the general, nonathletic public for which a meta-analysis of epidemiologic studies demonstrated that MRI evidence of disc bulge, disc degeneration, disc extrusions, and protrusions is significantly associated with low back pain in adult patients.^[@bibr7-2325967120922554]^ However, because longitudinal data are widely lacking, such association between degenerative findings and pain should not be interpreted as causation.^[@bibr7-2325967120922554]^ At the same time, subclinical MRI findings (ie, findings with no difference between symptomatic and asymptomatic athletes) should be considered potentially meaningful, as corresponding structural abnormalities may not cause substantial back pain now but can progress into aggravated, more severe grades in the future.^[@bibr2-2325967120922554]^

Methodological Considerations {#section19-2325967120922554}
-----------------------------

By presenting new data on a relatively rarely explored cohort of youth competitive alpine skiers (athletes of the U16 category), this study provides novel information about the prevalence of overuse-related back MRI findings with respect to sex, height growth, multifidus size, increasing age, and clinical relevance. Nevertheless, when interpreting the study findings, one should be aware of some limitations.

First, the chosen cross-sectional design cannot conclusively answer questions of causal relationship, as it can only depict current parameter associations, not predict future ones. Thus, for conclusively clarifying the clinical relevance of early signs of spinal degeneration and the causative relation between MRI findings and multifidus size, further longitudinal studies are needed.

Second, the clinical assessment with the OSTRC questionnaire is based on self-reported health problems and therefore relies on the correctness and quality of the answers provided. The risk of potential recall bias was addressed by a prospective data collection with regular 2-week intervals. The risk of reporting bias was faced by conducting retrospective interviews to verify and complete the self-reported data.

Third, the mean relative CSA of the lumbar multifidus muscles is only 1 of several measures and muscles relevant for core stability; however, the causation of structural abnormalities is expected to be multifactorial. Moreover, as mean relative multifidus CSA calculations were based on the manual segmentations of a single rater, despite an excellent intrarater reliability of the used approach,^[@bibr10-2325967120922554]^ absolute values may suffer from a certain systematic bias attributed to subjectivity.

Conclusion {#section20-2325967120922554}
==========

As illustrated in this study, youth competitive alpine skiers have high rates of overuse-related structural abnormalities in the lumbar spine, with some of them already being clinically relevant and restrictive for athletes' sports participation or performance. Because sex, height growth, multifidus size, and increasing age seem to play an important role for the occurrence of such abnormalities, the factors should be considered for effective prevention.
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